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
Abstract7KHUH LV D JUHDW HQWKXVLDVP ZLWK WKH SURVSHFW RI
ELJ GDWD DPRQJ EXVLQHVV DQG LQGXVWU\ OHDGHUV DFDGHPLD DQG
UHVHDUFKHUV $ ORW RI ELJ GDWD WRROV DQG WHFKQRORJLHV KDYH
HPHUJHGUHFHQWO\WRFDSWXUHVWRUHSURFHVVDQGDQDO\]HELJGDWD
2QH UHPDUNDEOH DFKLHYHPHQW LV WKDW D KDQGIXO RI RSHQ VRXUFH
WHFKQRORJLHV KDYH EHHQ LQWURGXFHG E\ $SDFKH +DGRRS
)RXQGDWLRQ WKDWDOORZVDQ\RUJDQL]DWLRQ WRXQGHUWDNHELJGDWD
SURMHFWV0DQ\ELJGDWDSURMHFWVKDYHEHHQLPSOHPHQWHGGXULQJ
WKHODVWIHZ\HDUV7KLVSDSHUH[SORUHVWKHEHQHILWVDFKLHYHGZLWK
WKRVH SURMHFWV %LJ GDWD KDV EHHQ DSSOLHG LQ GLYHUVH ILHOGV
LQFOXGLQJ VFLHQWLILF DQG PHGLFDO GLVFRYHU\ SURMHFWV VWXG\LQJ
VRFLDO VFLHQFH SKHQRPHQD FRQGXFWLQJ PHDQLQJIXO REVHUYDWLRQV
RI UHDOZRUOG SKHQRPHQD DQG UXQQLQJ DQDO\WLFV IRU KHDOWKFDUH
DQG EXVLQHVV 0DQ\ EXVLQHVV RUJDQL]DWLRQV ZDQW WR ILQG QHZ
EXVLQHVV RSSRUWXQLWLHV VXFK DV IUDXG GHWHFWLRQ FXVWRPHU
VHQVLWLYLW\DQDO\VLVDQGQHZSURGXFWRIIHULQJVZKLOHVRPHRWKHU
EXVLQHVVRUJDQL]DWLRQVDUHVWLOOSRQGHULQJWKHORQJWHUPYDOXHRI
ELJGDWDLQYHVWPHQWV%XVLQHVVOHDGHUVDQGPDQDJHUVZDQWWREH
VXUH WKDW ELJ GDWD SURMHFWV FDQ GHOLYHU WUXH YDOXH DQG SURYLGH
ORQJ WHUP EHQHILWV 7KLV SDSHU SURYLGHV DQ DFFRXQW RI KRZ
UHFHQW ELJ GDWD SURMHFW LQLWLDWLYHV KDYH EHHQ VXFFHVVIXO LQ
GHOLYHULQJ EXVLQHVV YDOXH DQG KLJKOLJKWV ZKDW WHFKQRORJ\
VROXWLRQVDUHSULPDULO\XVHGE\WKRVHELJGDWDSURMHFWV

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
%LJ'DWDLVDQHZSKHQRPHQRQWKDWKDVUHFHQWO\HPHUJHG
LQ GDWD PDQDJHPHQW GLVFLSOLQH :KLOH VHYHUDO RUJDQL]DWLRQV
DUH HQWKXVLDVWLF WR ILQG QHZ EXVLQHVV RSSRUWXQLWLHV ZLWK ELJ
GDWDWRGULYHWKHJURZWKRIWKHLUEXVLQHVVPDQ\DUHQRWXVLQJ
ELJGDWDEHFDXVHWKH\GRQRWIXOO\XQGHUVWDQGZKDWELJGDWDLV
RU ZKDW DUH LWV EHQHILWV >@ :ORGDUF]\N DQG +DFNHU >@
UHSRUW WKDW ³DOWKRXJK WKHUH LV FOHDU LQWHUHVW LQ ELJ GDWD WKH
DGRSWLRQUDWHRIDQDO\WLFDOWHFKQLTXHVIXHOOHGE\ELJGDWDWKDW
FDQ H[WUDFW NQRZOHGJH DQG YDOXH IURP WKHVH GDWD LV OHVV
XQGHUVWRRG´ .LURQ HW DO >@ VWDWH WKDW ³WKH DQDO\WLFV
UHYROXWLRQLVVWLOODWDQHDUO\SRLQWLQLWVGHYHORSPHQW0DQ\
FRPSDQLHV DUH VWLOO VWUXJJOLQJ WR ILJXUH RXW KRZ ZKHUH DQG
ZKHQ WR XVH DQDO\WLFV´ 5HVHDUFK UHSRUWV VXJJHVW WKDW WKHUH
DUH VRPH EDUULHUV ZLWK LPSOHPHQWLQJ ELJ GDWD 2QH RI WKH
PRVWSURPLQHQWEDUULHUVLVLQDGHTXDWHVNLOOVVHW>@DQGWKHUH
DUHLVVXHVRIJRYHUQDQFHODFNRIXQGHUVWDQGLQJDVWRKRZWR
OHYHUDJH DQDO\WLFV IRU EXVLQHVV YDOXH ODFN RI H[HFXWLYH
VSRQVRUVKLS>@DQGFRPSHOOLQJEXVLQHVVFDVHV
%LJ GDWD KDV EHFRPH LPSRUWDQW ZLWK WKH HPHUJHQFH RI
GDWDJURZWKDVDUHVXOWRIWKH,QWHUQHWJHQHUDWHGGDWDYROXPH
PDFKLQH JHQHUDWHG VHQVRU GDWD DQG WKH HYROXWLRQ RI VRFLDO
QHWZRUNLQJ WRROV 0XFK RI WKLV QHZ NLQG RI GDWD DUH
XQVWUXFWXUHG ZKHQ FRPSDUHG WR UHODWLRQDO GDWDEDVH GDWD
ZKLFKDUHVWUXFWXUHG%LJGDWDKDVFHUWDLQFKDUDFWHULVWLFVWKDW
PDNH LW GLVWLQFW IURP µQRUPDO GDWD¶ VWRUHG LQ FRQYHQWLRQDO
UHODWLRQDO GDWDEDVH V\VWHPV ,W LV QRW SRVVLEOH WR FDSWXUH
VWRUH SURFHVV DQG DQDO\]H WKHP XVLQJ WKH FRQYHQWLRQDO
GDWDEDVH DQG EXVLQHVV LQWHOOLJHQFH WRROV >@ ZKLFK DQ
RUJDQL]DWLRQ¶V,7GHSDUWPHQWKDVLQLWVDUVHQDO7KLVUHTXLUHV
DQHZVHWRIWRROVWRSURFHVVELJGDWDDVRIVXFKGDWDDUH
XQVWUXFWXUHG>@
5DMSXURKLW>@REVHUYHGWKDWEXVLQHVVPDQDJHUVFRQWLQXH
WR VWUXJJOH WR FDSWXUH WKH EXVLQHVV YDOXH IURP ELJ GDWD
LQLWLDWLYHV%XWKH VXJJHVWHG WKDWEXVLQHVVPDQDJHUVQHHG WR
XQGHUVWDQGELJGDWDSURFHVVHV7KH\DOVRQHHGWRXQGHUVWDQG
WKDWELJGDWDDQDO\WLFVLVQRWDQ,7VROXWLRQWRGDWDSUREOHP,W
LV D QHZ SDUDGLJP WR PDQDJH GDWD DQG WUDQVIRUP LW LQWR
YDOXDEOH LQVLJKWV >@%XVLQHVVPDQDJHUVKDYH UHVSRQVLELOLW\
WRXQGHUVWDQGWKHELJGDWDSURFHVVHVDQGWDNHRZQHUVKLS>@
>@
%LJ GDWD KDV QRW MXVW VXGGHQO\ DSSHDUHG 2UJDQL]DWLRQV
VWDUWHGJHQHUDWLQJKXJH GDWDYROXPH VLQFH PLGVZLWK WKH
DGYHQWRIWKH,QWHUQHWWHFKQRORJ\WKHVWDUWRIZLGHVSUHDGXVH
RI SHUVRQDO FRPSXWHUV >@ DQG FRPSXWLQJ WHFKQRORJ\EDVHG
DXWRPDWLRQ >@ ,QLWLDOO\ WKHUH ZDV QRW PXFK FRPSXWHU
KDUGZDUHDQGVRIWZDUHFDSDELOLW\WRSURFHVVODUJHYROXPHRI
FRPSOH[XQVWUXFWXUHGGDWD1RZWKHFRPSXWLQJ LQGXVWU\ LV
PRUH PDWXUH LQ WHUPV RI KDUGZDUH DQG VRIWZDUH FDSDELOLW\
DQG HIILFLHQF\ 'DWD VWRUDJH DQG FRPSXWHU KDUGZDUH KDYH
QRZ EHFRPH PXFK FKHDSHU /DUJH YROXPHV RI GDWD FDQ EH
SURFHVVHGZLWK SURFHVVLQJ FDSDELOLW\ RQ FRPPRGLW\ VHUYHUV
7KRXJKWKHUHDUHVRIWZDUHDQGKDUGZDUHFDSDELOLW\DYDLODEOH
RXWWKHUHWRSURFHVVVWRUHDQGDQDO\]HELJGDWDZLOOUHTXLUHV
D QHZ VHW RI WRROV DQG WHFKQRORJLHV DQG QHZ VNLOO VHWV WR
PDQDJHDQDO\]HDQGJHQHUDWHDQDO\WLFDOUHVXOWV
7KLV SDSHU LV RUJDQL]HG DV IROORZV 6HFWLRQ  EULHIO\
GLVFXVVHV WKH XVH RI ELJ GDWD DQG UHODWHG ZRUN LQ WKLV DUHD
6HFWLRQ  SURYLGHV DQ RYHUYLHZ RI ELJ GDWD FKDUDFWHULVWLFV
6HFWLRQSURYLGHVVXFFHVVVWRU\ELJGDWDSURMHFWV6HFWLRQ
WDONV DERXW WDNLQJ FHUWDLQ PHDVXUHV LQ LQLWLDWLQJ ELJ GDWD
SURMHFWV6HFWLRQFRQFOXGHVWKHSDSHU

,,/,7(5$785(5(9,(:

7KHUDSLGJURZWKRIGDWDYROXPHVLVWKHE\SURGXFWRIWKH
XVH RI WKH ,QWHUQHW VRFLDO PHGLD DQG VPDUW PRELOH GHYLFHV
>@7KLVKXJHYROXPHRIGDWDZKLFKLVNQRZQDV%LJ'DWD
UHTXLUHVDQHZVHWRIWRROVDQGWHFKQRORJLHVWRUHFHLYHVWRUH
SURFHVV DQG DQDO\]H &RPSDQLHV QHHG WR UXQ WKHLU EXVLQHVV
EDVHG RQ ,7 LQIUDVWUXFWXUH IRU VWUDWHJLF DJLOLW\ >@
³&RPSDQLHV PXVW HPSOR\ LQIRUPDWLRQ WHFKQRORJ\ ZLWK D
VRSKLVWLFDWHG XQGHUVWDQGLQJ RI WKH UHTXLUHPHQWV IRU
FRPSHWLWLYH DGYDQWDJH´ >@ 7R DFKLHYH WKH EHQHILW RI WKH
ELJGDWDFRPSDQLHVQHHG WRGULYHDFWLRQSODQVDQGJHWYDOXH
RXW RI GDWD E\ DSSO\LQJ DOJRULWKPV DQG SUHVFULSWLYH PRGHOV
DQGWHFKQRORJLHVWRVROYHVSHFLILFEXVLQHVVSUREOHPV>@
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5HVHDUFK RQ ELJ GDWD VXJJHVWV WKDW EXVLQHVV DQG RWKHU
RUJDQL]DWLRQV FDQ GULYH WKHLU JURZWK E\ XVLQJ QHZ DQG
DGGLWLRQDOGDWDJHQHUDWHG IURPELJGDWD1DPELDU HW DO >@
VXJJHVWWKDWELJGDWDFDQUHYROXWLRQL]HWKHKHDOWKFDUHLQGXVWU\
E\LPSURYLQJRSHUDWLRQDOHIILFLHQFLHVKHOSLQJWRSUHGLFWDQG
SODQUHVSRQVHVWRGLVHDVHVRSWLPL]HKHDOWKFDUHVSHQGLQJDQG
FDQLPSURYHRYHUDOOTXDOLW\LQKHDOWKFDUHV\VWHP
*RYHUQPHQWVRIGLIIHUHQWFRXQWULHVLQFOXGLQJWKH86DQG
(XURSHDQ 8QLRQ KDYH WDNHQ SURDFWLYH LQLWLDWLYHV LQ ELJ GDWD
UHVHDUFK 7KH 86 JRYHUQPHQW KDV UHFHQWO\ DQQRXQFHG QHZ
IXQGLQJ LQLWLDWLYHVIRUGLIIHUHQWDJHQFLHV WRFRQGXFW UHVHDUFK
LQ ELJ GDWD DSSOLFDWLRQV >@ >@ *RYHUQPHQWV DUH
LQWHUHVWHGLQXVLQJELJGDWDIRUSUHGLFWLYHDQDO\VLVDSSOLHGWR
GHFLVLRQ PDNLQJ DQG WR LPSURYH QDWLRQDO VHFXULW\ >@
5HVHDUFK >@ VXJJHVWV WKDW ³DOPRVW KDOI RI WKH VFLHQWLILF
SXEOLFDWLRQV XVLQJ SUHGLFWLYH DQDO\WLFV ZHUH LQ KHDOWKFDUH
VPDUW VHUYLFHV WKH LQWHUQHW RI WKLQJV DQG ZHDWKHU DQG
HQYLURQPHQW´
$ VXUYH\ >@ RI  VHQLRU PDUNHWHUV DERXW ELJ GDWD
HIIHFWLYHQHVV VXJJHVW WKDW ELJ GDWD ERRVWV PDUNHWLQJ
HIIHFWLYHQHVV $ OHDGLQJ SUDFWLWLRQHU RI ELJ GDWDEDVHG
PDUNHWLQJVDLGWKDWKHUFRPSDQ\KDG³DFKLHYHGVDOHV
OLIW YLD LWV SURSULHWDU\ GDWD DQDO\WLFV V\VWHP FRPSDUHG WR
LQLWLDWLYHV WKDW GLG QRW XVH WKLV UHVRXUFH´ >@ %HUWLQR >@
REVHUYHG WKDW RUJDQL]DWLRQV DUH VKLIWLQJ UHSRUWLQJ DQG
GHFLVLRQVXSSRUWV\VWHPVWRSUHGLFWLYHDQDO\WLFVDVWKHLUQH[W
PRYHLQEXVLQHVVLQWHOOLJHQFH5LMPHQDP>@VXJJHVWHGWKDW
WKHIXWXUHRIELJGDWDLVWRSHUIRUPSUHGLFWLYHDQDO\WLFV:LWK
WKLV KH PHDQW WKDW ³WKH REMHFWLYH RI SHUVSHFWLYH DQDO\WLFV LV
QRW RQO\ WR SUHGLFW IXWXUH RXWFRPH EXW DOVR WR PDNH
UHFRPPHQGDWLRQV EDVHG RQ WKRVH RXWFRPHV´ >@ )DQ DQG
%LIHW >@ UHSRUW WKDW H[LVWLQJ GDWD PLQLQJ WRROV DUH QRW
FDSDEOH HQRXJK WR KDQGOH ELJ GDWD GXH WR WKH YROXPH DQG
FRPSOH[LW\ )RU ELJ GDWD D QHZ VHW RI PDFKLQH OHDUQLQJ
DOJRULWKPVDQGWRROVDUHHPHUJLQJ/HDGLQJFRPPHUFLDOGDWD
ZDUHKRXVH YHQGRU 7HUDGDWD >@ KDV DQQRXQFHG
GHYHORSPHQWRIWRROVVXFKDV5SURJUDPPLQJODQJXDJHVDQG
RWKHUDQDO\WLFDO WRROV WRHQDEOHEXVLQHVVXVHUVDQGDQDO\WLFDO
FRPPXQLW\ VNLOOHG LQ 64/ TXHULHV WR DFFHVV +DGRRSEDVHG
GDWD

,,,&+$5$&7(5,67,&62)%,*'$7$

%LJ GDWD KDV VHYHUDO GLVWLQFW SURSHUWLHV )LJXUH  ZKLFK
DUHLGHQWLILHGE\ILYH9¶VYROXPHYHORFLW\YDULHW\YHUDFLW\
DQG YDOXH >@ %LJ GDWD LV ELJ DQG FRPSOH[ LQ WHUPV RI
YROXPH ZLWK FKDUDFWHULVWLFV WKDW DUH EH\RQG WKH FDSDFLW\ RI
FRQYHQWLRQDO GDWDEDVH V\VWHPV DQG DVVRFLDWHG WRROV WR
FDSWXUH VWRUH SURFHVV DQG DQDO\]H :LWK WKH HPHUJHQFH RI
FRPSXWHUDQGWKHLQWHUQHWJHQHUDWHGGDWDWKHYROXPHRIGDWD
JHQHUDWLRQ LV PXFK ELJJHU >@ *LYHQ URXQG WKH FORFN
JHQHUDWLRQRIGDWDLQWKLVGLJLWDODJHLWKDVEHFRPHLPSRUWDQW
WR KDYH WKH FDSDELOLW\ WR UHFHLYH SURFHVV DQG VWRUH GDWD LQ
UHDOWLPH YHORFLW\ ,Q EDQNLQJ VHFWRUV PRVW RI WKH
WUDQVDFWLRQV RFFXU HOHFWURQLFDOO\ ,Q  WKH QXPEHUV RI
FUHGLW DQG GHELW FDUG WUDQVDFWLRQV ZHUH  DQG  ELOOLRQ
UHVSHFWLYHO\ >@ 7KLV PHDQV WKDW WKRXVDQGV WR PLOOLRQV RI
WUDQVDFWLRQV ZHUH FUHDWHG SHU PLQXWH ,W KDV EHFRPH
LQFUHDVLQJO\LPSRUWDQW WR LQWHJUDWHSURFHVVDQGDQDO\]HGDWD
IORZV IURP ERWK LQWHUQDO DQG H[WHUQDO VRXUFHV LQ QHDU UHDO
WLPH>@


)LJXUH&KDUDFWHULVWLFVRI%LJ'DWD±7KHILYH9¶V

479
2015 Proceedings of PICMET '15: Management of the Technology Age
%LJGDWDUHIHUVWRGDWDWKDWFRPHVIURPPDQ\VRXUFHVDQG
LQGLIIHUHQWIRUPDWVYDULHW\7KHGDWDLVXQVWUXFWXUHGPRUH
WKDQ  VHPL VWUXFWXUHG DQG VWUXFWXUHG )RU H[DPSOH LQ
EDQNLQJ FXVWRPHU UHFRUGV DUH VWUXFWXUHG GDWD HPDLO KHDGHU
LQIRUPDWLRQ VHQGHU UHFHLYHU GDWH HWF DUH VHPL VWUXFWXUHG
GDWDZKLOHHPDLOWH[WPHVVDJHVDQGRWKHUEDQNGRFXPHQWVDUH
XQVWUXFWXUHG GDWD $V ELJ GDWD LV PRVWO\ XQVWUXFWXUHG GDWD
FRQVLVWHQF\ LVVXHV FRPH LQWR SOD\ YHUDFLW\ %LJ GDWD
WHFKQRORJLHVDUHXVHGWRH[WUDFWYDOXHIURPXQVWUXFWXUHGGDWD
%XW H[WUDFWLQJ UHDO YDOXH RXW RI XQVWUXFWXUHG GDWD SRVHV D
TXHVWLRQ RI DFFXUDF\ DQG UHOLDELOLW\ >@ 7R PDNH GDWD
UHOLDEOHDQGPHDQLQJIXOELJGDWD WHFKQRORJLHVQHHG WRPDNH
VXUHWUDFHDELOLW\LVHQVXUHG$Q\TXHVWLRQRUGRXEWDERXWWKH
YDOLGLW\ RI GDWD PXVW EH DGGUHVVHG YLD VRPH WUDFHDELOLW\
PHFKDQLVPZLWKGDWDSURFHVVLQJ WKDW IROORZV VRPHVWDQGDUG
SURFHGXUHV:LWKUHJDUGVWRWKHFKDUDFWHULVWLFYDOXHEXVLQHVV
RUJDQL]DWLRQVPXVWILQGQHZEXVLQHVVRSSRUWXQLWLHVWRXWLOL]H
ELJ GDWD 2QH H[DPSOH IRU EDQN WR XVH PDFKLQH OHDUQLQJ
DOJRULWKPV IRU SUHGLFWLYH DQDO\WLFV WR GHWHFW DQG SUHYHQW
IUDXG %LJ GDWD V\VWHPV SURYLGH FDSDELOLWLHV IRU DQDO\]LQJ D
JUHDWHUEUHDGWKDQGGHSWKRIGDWD>@

,9%,*'$7$86(&$6(6'(9(/230(17$1'
,03/(0(17$7,21

,QGXVWU\DQGDFDGHPLFSDSHUVVXJJHVWWKDWELJGDWDLVXVHG
LQ GLIIHUHQW DUHDV RI UHVHDUFK EXVLQHVVHV DQG JRYHUQPHQW
RIILFHV )RU H[DPSOH ELJ GDWD KHOSV LQ DJULFXOWXUDO VHFWRU
ZLWK SUHFLVLRQ EDVHG DJULFXOWXUH \LHOGV ,Q DJULFXOWXUH
IDUPHUV FROOHFW PDVVLYH DPRXQW RI GDWD WKURXJK VHQVRUV ³WR
SUHGLFW WKH EHVW WLPH WR SODQW ZKHUH WR SODQW WR LPSURYH
\LHOGVUHGXFHRSHUDWLRQDOFRVWVDQGPLQLPL]HHQYLURQPHQWDO
LPSDFWV´ >@ +HUH ELJ GDWD WHFKQRORJLHV DOORZ SXWWLQJ DOO
GDWD WRJHWKHU DQG WKHQ UXQQLQJ WKH SURSHU DQDO\WLFV DQG
PDNLQJXVHRIPDVVLYHO\SDUDOOHOFRPSXWLQJDUFKLWHFWXUH
,Q DQ HIIRUW WR DXJPHQW WKH JURZWK RI ELJ GDWD DQDO\WLFV
GHYHORSPHQW ,QWHO KDV MRLQHG +DGRRS FRPPXQLW\ LQ
RIIHULQJHQWHUSULVHVWKHVXSSRUWRIDELJWHFKQRORJ\SOD\HULQ
WHUPV RI LWV +DGRRS GLVWULEXWLRQ VRIWZDUH >@ DORQJ ZLWK D
QHZJHQHUDWLRQRISURFHVVRUV WRSURYLGHSHUIRUPDQFH LQELJ
GDWD SURFHVVLQJ DQG DQDO\]LQJ ,QWHO¶V SURRI RI FRQFHSW
FXVWRPHU 1H[W%LR FRQILUPHG VRIWZDUH DQG KDUGZDUH
SHUIRUPDQFHLPSURYHPHQWVRQLWVFRPSXWLQJUHVRXUFHVXVLQJ
WKH,QWHO+DGRRSGLVWULEXWLRQ>@


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)LJXUH  SURYLGHV D OLVW RI KLJK SURILOH ELJ GDWD SURMHFWV
WKDWZHUHLPSOHPHQWHGLQGLIIHUHQWILHOGVRIVWXGLHV7KHXVH
FDVHVZHUHLGHQWLILHGEDVHGRQDVWXG\RIUHFHQWDUWLFOHV WKDW
DSSHDUHG DW ,((( %LJ 'DWD FRQIHUHQFH SURFHHGLQJV DQG D
KRVW RI LQGXVWU\ SDSHUV $OO WKHVH FDVH VWXGLHV VKRZ
VLJQLILFDQW EHQHILWV WR FXVWRPHUV 8& )LJXUH  ZDV
FRQGXFWHG E\ WKH 1DWLRQDO $UFKLYH DQG 5HFRUGV
$GPLQLVWUDWLRQ 1$5$ ,W WRRN WKH FKDOOHQJH RI GLJLWL]LQJ
WKHKXJHRIXQVWUXFWXUHGGDWDIURPDFURVVWKHIHGHUDODJHQF\
HFRV\VWHP &RQJUHVV DQG VHYHUDO SUHVLGHQWLDO OLEUDULHV >@
7KH RXWFRPH RI WKH XVH FDVH VKRZHG IDVWHU LQJHVWLRQ RI
GRFXPHQWV DQG LPSURYHG XVHU H[SHULHQFH DQG VLJQLILFDQW
UHGXFWLRQ RI VWRUDJH FRVWV >@ 8& ZDV FRQGXFWHG E\
7HUUD(FKRVIRUSUHPLHULQWUXVLRQGHWHFWLRQ>@%\XVLQJELJ
GDWDWRROVDQGWHFKQRORJLHVVXFKDVVWUHDPVDQDO\WLFVVRIWZDUH
DQG SUHGLFWLYH DQDO\WLFV WKH SURMHFW ZDV DEOH WR SURYLGH D
VROXWLRQ WKDW KHOSV RUJDQL]DWLRQV WR SURWHFW DQG PRQLWRU
FULWLFDOLQIUDVWUXFWXUHDQGVHFXUHERUGHUV
8& UHSRUWV WZR XVH FDVHV RQH ZDV FRQGXFWHG E\ WKH
5R\DO ,QVWLWXWH RI 7HFKQRORJ\ RI 6ZHGHQ WR SHUIRUP WUDIILF
SDWWHUQDQDO\VLV>@DQGWKHRWKHUZDVFRQGXFWHGE\*DU]RHW
DO >@ IRU ORFDWLRQ SUHGLFWLRQ RYHU PRELOLW\ WUDFHV 7KH
WUDIILF SDWWHUQ DQDO\VLV XVLQJ ELJ GDWD WHFKQRORJLHV KHOSV LQ
KDQGOLQJDODUJHWUDIILFGDWDVWUHDPVWRSHUIRUPQHDUUHDOWLPH
DQDO\WLFV RQ FXUUHQW WUDIILF FRQGLWLRQV 7KLV KDV KHOSHG LQ
GHFUHDVLQJ WUDIILF FRQJHVWLRQ DQG DFFLGHQWV LQ KHDY\ WUDIILF
FRQJHVWLRQFLWLHV8&ELJGDWDFDVH VWXG\ZDVFRQGXFWHG
E\ 9HVWDV :LQG (QHUJ\ WR EXLOG HIILFLHQF\ ZLQG WXUELQH
SODFHPHQWDQGPDLQWHQDQFH7KHELJGDWDPRGHOLQJVROXWLRQ
KDVKHOSHGWKH'DQLVKFRPSDQ\WRLPSURYHDFFXUDF\RIZLQG
WXUELQHSODFHPHQWUHGXFHUHVSRQVHWLPHIRUZLQGIRUHFDVWLQJ
E\PD[LPL]HSRZHUJHQHUDWLRQDQGUHGXFHHQHUJ\FRVWV
>@
8&ZDVDERXWPHGLFDOPRQLWRULQJXQGHUWDNHQE\ WKH
,QVWLWXWH RI 7HFKQRORJ\ DW WKH 8QLYHUVLW\ RI 2QWDULR 7KH
LPSOHPHQWDWLRQ RI WKLV ELJ GDWD SURMHFW KDV HQDEOHG RSWLPDO
SDWLHQW PRQLWRULQJ 3DWLHQWV FRQQHFWHG WR WKH HTXLSPHQW DUH
FRQWLQXRXVO\ PRQLWRUHG IRU YLWDO VLJQV LQFOXGLQJ EORRG
SUHVVXUH DQG KHDUW UDWHV 7KLV DSSOLFDWLRQ DOVR DOORZV IRU
GHWHFWLQJ LQIHFWLRQV LQ SUHPDWXUH LQIDQWV DERXW  KRXUV
EHIRUHWKH\VKRZV\PSWRPV
8& LV GHVLJQHG WR GHWHUPLQH KRZ WR WDUJHW UHDO
FXVWRPHUV IRU DQ DLUFRQGLWLRQLQJ GLVDVWHU UHFRYHU\ '5
SURJUDPZLWKKHOSRIELJGDWDDQDO\WLFV>@,QWKLVSURMHFWD
WDUJHWLQJ DOJRULWKP LV XVHG EDVHG RQ KLJK UHVROXWLRQ GDWD
FROOHFWLRQ PHWKRG XVLQJ ELJ GDWD +HUH ELJ GDWD WHFKQRORJ\
PDNHV KLJK UHVROXWLRQ LQIRUPDWLRQ DYDLODEOH LH GDWD
DFFXUDF\ZKLFKLQ WXUQKHOSVLQ LGHQWLI\LQJHDFKFRQVXPHUV
GHPDQG FRQVXPSWLRQ DQG WDUJHWLQJ FXVWRPHUV DFFRUGLQJ IRU
'5SURJUDP
8&DQG8&SURYLGHFDSDELOLWLHV DQGXVHIXOQHVVRI
ELJGDWDLQKHDOWKFDUHV\VWHP7KHVHXVHFDVHVVKRZKRZELJ
GDWDSURMHFWV FDQKHOS LQSUHYHQWLQJGLVHDVHV DQG LPSURYLQJ
SDWLHQW WUHDWPHQWV FRQGLWLRQV8& UHSRUWV D VXFFHVV VWRU\
RIELJGDWDWHFKQRORJ\¶VKLJKVSHHGGDWDVWUHDPFDSDELOLW\LQ
UHDOWLPH 7KLV SURMHFW XVHG DQ RSHQVRXUFH GDWD VWUHDPLQJ
VRIWZDUH FDOOHG 6WRUP >@ 8& LV DQRWKHU H[DPSOH RI
XWLOL]LQJ SUHGLFWLYH DQDO\WLFV FDSDELOLW\ ZLWK ELJ GDWD 7KLV
SURMHFWXVHGVPDUWJLUGGDWDZLWKDGYDQFHGIRUHFDVWLQJDQGD
ELJGDWDDQDO\WLFVSODWIRUPWRSHUIRUPDQDO\WLFVRQODUJHVFDOH
GDWDWRLPSURYHHQHUJ\HIILFLHQF\DQGUHGXFHFRVWV>@
8& XVHV D ELJ GDWD PLQLQJ IUDPHZRUN WR DFFXUDWHO\
SUHGLFW KRZ IDU D FXVWRPHUZLOO WUDYHO WREX\DSURGXFW DQG
ZKLFK VKRS ZLOO EH FKRVHQ >@ 8& XVHV DQ DGYDQFHG
PDFKLQHOHDUQLQJDOJRULWKPE\OHYHUDJLQJ+DGRRSGLVWULEXWHG
FRPSXWLQJSODWIRUP VXFK DV0DS5HGXFH >@7KLVELJGDWD
DQDO\WLFV IUDPHZRUN ZDV LPSOHPHQWHG IRU GHYHORSLQJ ULVN
DGMXVWPHQW PRGHO RI SDWLHQW H[SHQGLWXUHV %LJ GDWD
WHFKQRORJ\ FRXOG EH DSSOLHG LQ EXLOGLQJ D GHFLVLRQ PRGHO
>@IRUDLUSRUWWD[LGULYHUV¶WULSWRDQGIURPWKHDLUSRUW8&
8&DSSOLHGDQLQFUHPHQWDOFOXVWHULQJWHFKQLTXHZLWK
ELJ GDWD WR LPSURYH WKH SUHGLFWLRQ RI WLPH VHULHV GDWD ZLWK
SRO\QRPLDO WLPH >@ 8& LV D FDVH VWXG\ LQ SUHGLFWLQJ
DODUP LQ ODUJHVFDOH VHQVRU QHWZRUNV LQ UDLOURDG 5DLOURDG
FHQVRUV JHQHUDWH PDVVLYH DPRXQWV RI GDWD DERXW HTXLSPHQW
FRQGLWLRQV 8VLQJ ELJ GDWD SUHGLFWLYH DQDO\WLFV WKLV SURMHFW
ZDV DEOH WR SUHGLFW DODUPV DVVRFLDWHG ZLWK FDWDVWURSKLF
HTXLSPHQWIDLOXUHVVHYHUDOGD\VDKHDG>@
8&SURYLGHVDIDVWVROXWLRQRIORDGVKHGGLQJSUREOHPV
XVLQJ ELJ GDWD WHFKQRORJ\ >@ 8& SURYLGHV D KROLVWLF
SUHGLFWLYHPRGHOLQJVROXWLRQIRUULVNSUHGLFWLRQLQKHDOWKFDUH
>@ 7KLV ODUJH YROXPH RI KHDOWKFDUH SUHGLFWLRQV VKRXOG EH
LQWHJUDWHGZLWKRWKHUKHWHURJHQHRXVVRXUFHVXVHGWRLPSURYH
TXDOLW\RISUHGLFWLRQ%LJGDWDWHFKQRORJLHVDUHXVHGWRVWRUH
DOO GDWD LQ RQH SODFH HJ GLVWULEXWHG ILOH V\VWHP SURFHVV
WKHPXVLQJSDUDOOHOLQJSURFHVVLQJV\VWHPHJ0DS5HGXFH
DQG DSSO\ SUHGLFWLYH DQDO\WLFV 7KLV VROXWLRQ UHVXOWHG LQ
SUHGLFWLQJ WKHGD\ ULVNRI DGPLVVLRQ IRU FRQJHVWLYHKHDUW
IDLOXUH%LJGDWDKHOSVLQEXLOGLQJFRQVXPHUSURILOHVEDVHGRQ
VRFLDOPHGLDDFWLYLWLHV
8& SURYLGHV D VWRU\ RI VXFFHVVIXO FRQVWUXFWLRQ RI
GLIIHUHQW FRQVXPHUVHJPHQWV XVLQJ VRFLDO PHGLD GDWD >@
7KLVDOORZVFRPSDQLHVWRRIIHUWKHULJKWSURGXFWVWRWKHULJKW
FXVWRPHU VHJPHQWV ZKLFKKHOSV LQ LQFUHDVLQJ VDOHV UHYHQXH
8& LV ,QWHO¶V FDVH VWXG\ RQ ,7 ORJ LQIRUPDWLRQ DQDO\WLFV
IRU LQFLGHQWSUHGLFWLRQ 7KLV FDVH VWXG\ LV DEOH WR UHGXFH ,7
LQFLGHQWV E\ WUDFNLQJ GDWD IURP SUHYLRXV LQFLGHQWV DQG
SUHGLFWLQJIXWXUHEHKDYLRUV7KLVXVHFDVHUHSRUWHGWKDWLWZDV
DEOH WRSURYLGHDWRUHGXFWLRQLQ,7LQFLGHQWVZKLFK
DOORZHGDFRVWDYRLGDQFHRIPLOOLRQRYHUDWZR\HDUSHULRG
>@
,QELJGDWDSUHGLFWLYHPRGHOVDUHKHDYLO\XVHGDQGPRUH
QHZWRROVDUHHPHUJLQJWRRSHQWKHPXSWRQHZXVHUVWRDSSO\
WRDYDULHWLHVRIXVHFDVHV7KHXVHVFDVHV OLVWHG LQ)LJXUH
VKRZV WKDW PDQ\ RI WKHP GRPLQDWHG E\ ELJ GDWD SUHGLFWLYH
DQDO\WLFV ,Q ,%0 UHVHDUFKHUV DUH DSSO\LQJ SUHGLFWLYH
DQDO\WLFV WR GHVLJQ GLDJQRVWLFV DQG HYDOXDWH WUHDWPHQWV RI
SDWLHQWVDWULVNRIKHDUWIDLOXUHDVPXFKDVWZR\HDUVDKHDGRI
WLPH>@



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%LJ GDWD LV D QHZ SDUDGLJP >@ LQ WHUPV RI GDWD
FKDUDFWHULVWLFVDVZHOODVWRROVDQGWHFKQRORJLHVWREHXVHG,W
UHTXLUHV ILQDQFLDO LQYROYHPHQW IRU DFTXLULQJ QHZ WRROV DQG
WHFKQRORJLHV PDQ\ RI WKHP RSHQV VRXUFH WKRXJK WUDLQLQJ
FXUUHQW ZRUN IRUFH WR PDNH WKHP DWWDLQ QHZ VNLOO VHWV DQG
KLULQJ QHZ SHRSOH SURJUDPPHUV DQG GDWD VFLHQWLVWV ZKR
KDYH VWURQJNQRZOHGJH LQELJGDWD WHFKQRORJLHV2Q WKHELJ
GDWDSURMHFWLPSOHPHQWDWLRQVLGHEXVLQHVVOHDGHUVDQGSURMHFW
PDQDJHUVQHHGWRFRPHXSZLWKVRPHVWUDWHJ\WKDWDOLJQELJ
GDWDZLWKFRPSDQ\EXVLQHVVJRDOV7KH\QHHGWRIROORZVRPH
FULWHULD 7KH\ QHHG WR GHILQH D FOHDU DQG PHDVXUDEOH JRDOV
,QVWHDG RI ZRUU\LQJ DERXW FROOHFWLQJ DOO WRROV DQG
WHFKQRORJLHV WKH\ QHHG WR WKLQN DERXW KRZ IDU ELJ GDWDZLOO
GULYHEXVLQHVVJRDOV>@:LOOWKHLUGDWDKHOSLQDFTXLULQJQHZ
FXVWRPHUV RU UHWDLQLQJ FXUUHQW KLJK SURILOH FXVWRPHUV"
%XVLQHVV RUJDQL]DWLRQ QHHG WR GHWHUPLQH LI WKHLU RZQ GDWD
ZLOO EH HQRXJKRU WKH\QHHG H[WHUQDO GDWD $QVZHULQJ WKHVH
TXHVWLRQVZLOOKHOSEXVLQHVVPDQDJHUVLQPDQDJLQJULJKWGDWD
DQGDFTXLULQJULJKWWRROVDQGWHFKQRORJLHV
%XVLQHVVOHDGHUVDQG,7PDQDJHUVPLJKWWKLQNRIUXQQLQJ
DQDO\WLFV WHVW RQ VPDOO VHWV RI GDWD 7KLV ZLOO KHOS WKHP WR
XQGHUVWDQGLIELJGDWDZLOOEULQJYDOXHWRWKHRUJDQL]DWLRQDQG
FDQEHXVHGWRFRQYLQFH&(2RU,7H[HFXWLYHZKRGRQRWVHH
WKH YDOXH LQ VSHQGLQJ WLPH DQG UHVRXUFHV RQ GDWD DQG
DQDO\WLFV%DLOH\>@VXJJHVWVWKDWRQHZD\WRGHPRQVWUDWH³D
FOHDU FRQQHFWLRQ EHWZHHQ GDWD DQG SURILWDELOLW\ DQG UHPRYH
WKHLQWLPLGDWLRQIDFWRULVWRWHVWDVPDOOVHW´7KLVZLOOKHOSWR
DYRLGJHWWLQJERJJHGGRZQLQ WKH WRROVDQGSODWIRUPVDW WKH
YHU\ HDUO\ VWDJH RI ELJ GDWD LQLWLDWLYHV %XVLQHVV DQG ,7
PDQDJHUV SURMHFW PDQDJHUV QHHG WR HQVXUH WKDW FRPSDQ\
&(2 DQG &)2 GR QRW SHUFHLYH WKDW ELJ GDWD EHORQJV WR
FRPSDQ\¶VFRVWFHQWHUUDWKHUWKDQDQLQYHVWPHQWIRUWKHHQWLUH
FRPSDQ\/RVKLQ>@DVVHUWV WKDW WKHUHQHHGV WREHD³FOHDU
SURFHVVHV IRUGHWHUPLQLQJ WKHYDOXHSURSRVLWLRQ´ ,I QRW WKH
LQYHVWPHQW LQ WKH ³WHFKQRORJ\ ZHUH QRW JURXQGHG LQ
H[SHFWDWLRQVIRUFOHDUEXVLQHVVLPSURYHPHQWV´
:KHDWOH\ >@ UHSRUWV VHYHQ EHVW SUDFWLFHV IRU ELJ GDWD
UHWDLO DQDO\WLFV SURMHFWV  OLQN WKH ELJ GDWD SURMHFW WR WKH
EXVLQHVV¶ VWUDWHJLHV  KDYH FOHDU SURMHFW REMHFWLYHV 
ZDONLQWKHFXVWRPHU¶VVKRHVVWDUWZLWKWKHGDWD\RXKDYH
 ORRN IRU TXLFN ZLQV DQG LQFUHPHQWDO JDLQV  JHW WKH
WHDPULJKWDQGZLQH[HFXWLYHVSRQVRUVKLS+HDVVHUWVWKDW
EHQHILWV RXWZHLJK WKH FRVWV WKDW OHDGV WR SURILWDEOH JDLQV LQ
ELJ GDWD ,Q UHWDLO DQDO\WLFV VSDFH VHYHUDO ELJ GDWD DQDO\WLFV
VXFFHVV VWRULHV KDYH EHHQ UHSRUWHG 0DQ\ UHWDLOHUV XVH ELJ
GDWD DQDO\WLFV WR IUHVKHQ XS FXVWRPHU OR\DOW\ SURJUDPV DV
ZHOO DV SURGXFW SURPRWLRQV HJ KROLGD\ SURPRWLRQV 2QH
VXFKH[DPSOHLVWKDW:DOJUHHQ¶VFXVWRPHUOR\DOW\SURJUDPLV
DNH\DVSHFWRIGUXJVWRUHFKDLQ¶V UHYDPS >@+DYLQJ VHHQ
WKH EHQHILWV RI ELJ GDWD DQDO\WLFV E\ RQOLQH UHWDLO VWRUHV WKH
EULFNDQGPRUWDUUHWDLOHUVKDYHVWDUWHGSOD\LQJFDWFKXSRQELJ
GDWD DQDO\WLFV VWUDWHJLHV >@ 6WDUEXFNV H[HFXWLYHV >@ VD\
WKDW WKHLU VWRUH H[SDQVLRQ SODQ WR DGG KXQGUHGV RI VWRUHV
JOREDOO\ZDVGULYHQE\ELJGDWDDQDO\WLFVUHVXOWV
,QRUGHUWRGHOLYHUEXVLQHVVYDOXHEXVLQHVVPDQDJHUVKDYH
WRHQVXUHWKDWELJGDWDSURYLGHVTXDOLW\LQIRUPDWLRQWRXVHUV
7KLV SUHVHQWV D FKDOOHQJH JLYHQ WKH FRPSOH[ PRVWO\
XQVWUXFWXUHGQDWXUHRIVXFKGDWD%LJGDWDDUFKLWHFWXUHPXVW
EHGHVLJQHG LQ VXFKDZD\ WKDW WKHGDWD LV WUDFHDEOHEDFN WR
WKHVRXUFHRIRULJLQ6PLWK>@DVVHUWVWKDW³WKHUHLVQRSRLQW
RQERDUGLQJJUHDWELJYROXPHVRIWUDQVDFWLRQDOGDWDLILWLVQRW
DFFXUDWH QRU ZLOO HYHU EH DFFXUDWH´ 6PLWK >@ DOVR SRLQWV
RXW SURSHUO\ RUJDQL]LQJ GDWD DQG PDLQWDLQLQJ KLHUDUFK\ LQ
GDWD ZKLFK LV RQH RI WKH PRVW FULWLFDO SDUWV RI GHVLJQ WR
KDYLQJVLPSO\DQDGHTXDWHVROXWLRQYHUVXVDUREXVWVROXWLRQ
$QRWKHU NH\ SRLQW LV WR PDLQWDLQ SURSHU RUGHU LQ GDWD
LQWHJUDWLRQ HIIRUW 6PLWK >@ REVHUYHV WKDW IRU PDQ\
FRPSDQLHVGDWDOLYHVLQWKHGRPDLQVRIPXOWLSOHYHQGRUV6R
DQ HIIHFWLYH PHDVXUHPHQW DQG FRKHVLYH GDWD PDQDJHPHQW
PXVW EH WDNHQ LQWR FRQVLGHUDWLRQ LQ LQWHJUDWLQJ LW LQWR D ELJ
GDWDODQGVFDSH

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
,QWKLVSDSHUDQRYHUYLHZRIELJGDWDFKDUDFWHULVWLFVZDV
SURYLGHG:HSUHVHQWHGVHYHUDOVXFFHVVIXOELJGDWDLQLWLDWLYHV
WKDW ZHUH LPSOHPHQWHG LQ GLYHUVH DUHDV RI EXVLQHVV
HQJLQHHULQJ UHVHDUFK DQG JRYHUQPHQW RUJDQL]DWLRQV
+LJKOLJKWHGZDVKRZRUJDQL]DWLRQVDUHGULYLQJWKHLUJURZWK
E\ WDNLQJ DGYDQWDJH RI ELJ GDWD WRROV DQG WHFKQRORJLHV :H
VKRZHGKRZELJGDWDVWDUWHGSURYLGLQJEHQHILWVWRFXVWRPHUV
LQGLIIHUHQWEXVLQHVVDUHDVLQFOXGLQJPDUNHWLQJDQDO\WLFV>@
DQG UHWDLO DQDO\WLFV >@ LQ KHDOWKFDUH >@ >@ >@
UHVXOWLQJ LQSRVLWLYH LPSDFWV WR WKH OLYHVRIRUGLQDU\FLWL]HQV
LQVRFLHW\
7R WDNHDGYDQWDJHRIELJGDWDEXVLQHVVDQG ,7PDQDJHUV
QHHG WRFROODERUDWHDQGFRPHXSZLWK VRPHVSHFLILFSODQ WR
JHQHUDWHEXVLQHVVYDOXHWRWKHRUJDQL]DWLRQ:HKDYHSRLQWHG
RXW VHYHUDO FULWHULD IRU FRQVLGHUDWLRQ LQ VWDUWLQJ ELJ GDWD
SURMHFWV %LJ GDWD LV QRW MXVW RZQHG E\ ,7 GHSDUWPHQW ,W
QHHGVWREHGULYHQDQGRZQHGE\EXVLQHVVPDQDJHUVDVZHOO
7KDWZLOODOORZEXVLQHVVRUJDQL]DWLRQVWRPDLQWDLQLQFUHDVLQJ
DJLOLW\ DGG EXVLQHVV YDOXH LPSURYH EXVLQHVV SHUIRUPDQFH
DQG SURYLGH VWUDWHJLF GLUHFWLRQV ³6PDUW OHDGHUV DFURVV
LQGXVWULHVZLOOVHHXVLQJELJGDWDIRUZKDWLWLVPDQDJHPHQW
UHYROXWLRQ 7KH FKDOOHQJHV RI EHFRPLQJ D ELJ GDWDHQDEOHG
RUJDQL]DWLRQ FDQ EH HQRUPRXV DQG UHTXLUH KDQGVRQ RU LQ
VRPHFDVHVKDQGVRIIOHDGHUVKLS´>@
)XUWKHUUHVHDUFKFDQEHFRQGXFWHGRQKRZWRUHSOLFDWHWKH
VXFFHVV RI WKHVH ELJ GDWD LPSOHPHQWDWLRQV RQ ELJ GDWD
SURMHFWV LQ VPDOO EXVLQHVV HQWHUSULVHV $FWLYLWLHV RI ELJ GDWD
WRROV WHFKQRORJ\ DQG NQRZOHGJH WUDQVIHU QHHG WR EH
LGHQWLILHG DQG DUWLFXODWHG WRSURPRWH WKHP WR VPDOO ILUPV WR
DOORZWKHPWRGULYHJURZWKDQGVWD\FRPSHWLWLYH

$&.12:/('*0(176

7KHDXWKRUVZLVKWRWKDQNWKHDQRQ\PRXVUHIHUHHVIRUWKH
WLPHWKH\VSHQWRQWKHGHWDLOHGFRPPHQWVWKDWZHUHKHOSIXOLQ
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LPSURYLQJWKLVSDSHU$QGPDQ\WKDQNVWR-RDQ6FKQLW]HUIRU
DQH[FHOOHQWHGLWLQJMRE

5()(5(1&(6

>@ 6 %HULQDWR :LWK %LJ 'DWD &RPHV %LJ 5HVSRQVLELOLW\ +DUYDUG
%XVLQHVV5HYLHZ1RYHPEHUSS
>@ 6 $NKWHU 1 5DKPDQ DQG 01 5DKPDQ &RPSHWLWLYH 6WUDWHJLHV LQ
WKH&RPSXWHU,QGXVWU\,QWHUQDWLRQDO-RXUQDORI7HFKQRORJ\'LIIXVLRQ
,-7'9RO1RSS-DQXDU\0DUFK
>@ -$OGUHWH%LJ'DWD¶V%LJ,PSDFWRQ6DOHV LQ'DWD,QIRUPHG
'HFHPEHU  KWWSGDWDLQIRUPHGFRPELJGDWDVELJLPSDFWVDOHV
VWKDVK*H9\&Q.GGSXI
>@ 1 %DODF 7 6LSHV 1 :ROWHU . 1XQHV % 6LQNRYLWV DQG +
.DULPDEDGL /DUJH 6FDOH 3UHGLFWLYH $QDO\WLFV IRU 5HDO7LPH (QHUJ\
0DQDJHPHQW ,Q 3URFHHGLQJV RI WKH  ,((( ,QWHUQDWLRQDO
&RQIHUHQFH RQ %LJ 'DWD %LJ'DWD  SS  2FWREHU 
6DQWD&ODUD&$86$
>@ 6 %DLOH\  6WHSV WR 7DNH WKH )HDU )DFWRU 2XW RI %LJ 'DWD 'DWD
,QIRUPHG -XO\  KWWSGDWDLQIRUPHGFRPVWHSVWRWDNHWKH
IHDUIDFWRURXWRIELJGDWDVWKDVKR(8Z+GSXI
>@ (%HUWLQR%LJ'DWD2SSRUWXQLWLHVDQG&KDOOHQJHV,Q3URFHHGLQJV
RI WKH  ,((( WK $QQXDO &RPSXWHU 6RIWZDUH DQG $SSOLFDWLRQV
&RQIHUHQFHSS'2,&2036$&
>@ +6%KDW*-9D]DQG -& 0H]D )DVW6ROXWLRQRI/RDG6KHGGLQJ
3UREOHPV YLD D 6HTXHQFH RI /LQHDU 3URJUDPV ,Q 3URFHHGLQJV RI WKH
,(((,QWHUQDWLRQDO&RQIHUHQFHRQ%LJ'DWD%LJ'DWDSS
2FWREHU6DQWD&ODUD&$86$
>@ $ &KDQGUDPRXO\ 6 6DQGHHQ & <DOOD < *RHO 1 1JR DQG '
:DWVRQ ,QWHO ,7 %HVW 3UDFWLFHV IRU ,PSOHPHQWLQJ $SDFKH +DGRRS
6RIWZDUH,7,QWHO:KLWH3DSHU$YDLODEOHDWZZZLQWHOFRPLW
>@ 50 &KDQJ 5- .DXIIPDQ DQG < .ZRQ 8QGHUVWDQGLQJ WKH
SDUDGLJP VKLIW WR FRPSXWDWLRQDO VRFLDO VFLHQFH LQ WKH SUHVHQFH RI ELJ
GDWD'HFLVLRQ6XSSRUW6\VWHPV9ROSS±
>@'DWD,QIRUPHG6WDII)RFXV2Q0DUNHWLQJ$QDO\WLFV'DWD,QIRUPHG
-DQXDU\  KWWSGDWDLQIRUPHGFRPIRFXVPDUNHWLQJ
DQDO\WLFVVWKDVK;V,JE8YEGSXI
>@7 &KDUGRQQHQV 3 &XGUH0DXURX[ 0 *UXQG DQG % 3HUURXG %LJ
'DWD $QDO\WLFV RQ +LJK 9HORFLW\ 6WUHDPV $ &DVH 6WXG\ ,Q
3URFHHGLQJV RI WKH  ,((( ,QWHUQDWLRQDO &RQIHUHQFH RQ %LJ 'DWD
%LJ'DWD  SS  2FWREHU   6DQWD &ODUD &$
86$
>@'DWD,QIRUPHG6WDII)RFXV2Q3UHGLFWLYH$QDO\WLFV'DWD,QIRUPHG
5HWULHYHG RQ  IURP KWWSGDWDLQIRUPHGFRPIRFXV
SUHGLFWLYHDQDO\WLFVVWKDVKKO(4N*<GSXI
>@7)'DSS%LJ'DWD7KH8QWDPHGIRUFH'HXWVFKH%DQN5HVHDUFK
)UDQNIXUWDP0DLQ*HUPDQ\0D\SS3ULQW,661
;,QWHUQHW(PDLO,661
>@:)DQDQG$%LIHW0LQLQJ%LJ'DWD&XUUHQW6WDWXVDQG)RUHFDVWWR
WKH)XWXUH6,*.''([SORUDWLRQV9RO1RSS
>@)HGHUDO5HVHUYH6\VWHP7KH)HGHUDO5HVHUYH3D\PHQWV6WXG\
5HFHQW DQG /RQJ7HUP 3D\PHQW 7UHQGV LQ WKH 8QLWHG 6WDWHV 
)HGHUDO5HVHUYH6\VWHP86$SS
>@$*DU]R$$%HQF]XU&,6LGOR'7DKDUDDQG():\DWW5HDO
WLPH VWUHDPLQJ PRELOLW\ DQDO\WLFV ,Q 3URFHHGLQJV RI WKH  ,(((
,QWHUQDWLRQDO &RQIHUHQFH RQ %LJ 'DWD %LJ'DWD  SS 
2FWREHU6DQWD&ODUD&$86$
>@0 *ROGEHUJ ,%0¶V 'DWD 6FLHQFH 3URMHFW WR %XLOG $QDO\WLFV WR
3UHGLFW +HDUW )DLOXUH 'DWD ,QIRUPHG 2FWREHU  KWWSGDWD
LQIRUPHGFRPLEPVGDWDVFLHQFHSURMHFWEXLOGDQDO\WLFVSUHGLFWKHDUW
DWWDFNVVWKDVK9K:D<XL2GSXI
>@3 *URYHV % .D\\DOL ' .QRWW DQG 69 .XLNHQ 7KH 
%LJ 'DWD

5HYROXWLRQLQ+HDOWKFDUH0F.LQVH\	&RPSDQ\
>@0 +HUQDQGH] . +LOGUXP 3 -DLQ DQG 5 :DJOH &RQVWUXFWLQJ
&RQVXPHU 3URILOHV IURP 6RFLDO 0HGLD 'DWD ,Q 3URFHHGLQJV RI WKH
,(((,QWHUQDWLRQDO&RQIHUHQFHRQ%LJ'DWD%LJ'DWDSS
2FWREHU6DQWD&ODUD&$86$
>@57 +HUVFKHO 3ULQFLSOHV DQG $SSOLFDWLRQV RI %XVLQHVV ,QWHOOLJHQFH
5HVHDUFK VW (GLWLRQ  SS  ,*, *OREDO +HUVKH\ 3$
86$
>@'DWD ,QIRUPHG 6WDII )RFXV 2Q 5HWDLO $QDO\WLFV 'DWD ,QIRUPHG
-XQH   5HWULHYHG RQ  IURP KWWSGDWD
LQIRUPHGFRPIRFXVRQUHWDLODQDO\WLFVVWKDVKVOM%GSXI
>@' .LURQ 5% )HUJXVRQ DQG 3. 3UHQWLFH )URP 9DOXH WR 9LVLRQ
5HLPDJLQLQJWKH3RVVLEOHZLWK'DWD$QDO\WLFV5HVHDUFK5HSRUW0,7
6ORDQ0DQDJHPHQW5HYLHZSS
>@0+.XR+HDOWKELJGDWDDQDO\WLFVFXUUHQWSHUVSHFWLYHVFKDOOHQJHV
DQGSRWHQWLDOVROXWLRQV,QWHUQDWLRQDO-RXUQDORI%LJ'DWD,QWHOOLJHQFH
9RO1RVSS
>@0 *ROGEHUJ ,QWHO -XPSV LQWR %LJ 'DWD 3RRO ZLWK +DGRRS
'LVWULEXWLRQ 'DWD ,QIRUPHG )HEUXDU\  KWWSGDWD
LQIRUPHGFRPLQWHOMXPSVLQWRELJGDWDSRROZLWKKDGRRS
GLVWULEXWLRQVWKDVKYY2T'&<RGSXI
>@- .ZDF DQG 5 5DMDJRSDO 'HPDQG 5HVSRQVH 7DUJHWLQJ 8VLQJ %LJ
'DWD $QDO\WLFV ,Q 3URFHHGLQJV RI WKH  ,((( ,QWHUQDWLRQDO
&RQIHUHQFH RQ %LJ 'DWD %LJ'DWD  SS  2FWREHU 
6DQWD&ODUD&$86$
>@$ /DEULQLGLV DQG +9 -DJDGLVK &KDOOHQJHV DQG 2SSRUWXQLWLHV ZLWK
%LJ'DWD ,Q3URFHHGLQJVRI WKH9/'%(QGRZPHQW9RO 1R
$XJXVWSS
>@0*ROGEHUJ7HUDGDWD'HHSHQV7LHVWR+DGRRS8QYHLOV,Q'DWDEDVH
5 $QDO\WLFV 'DWD ,QIRUPHG 6HSWHPEHU  KWWSGDWD
LQIRUPHGFRPWHUDGDWDGHHSHQVWLHVKDGRRSXQYHLOVGDWDEDVHU
DQDO\WLFVVWKDVKIY529GSXI
>@6/D9DOOH(/HVVHU56KRFNOH\06+RSNLQVDQG1.UXVFKZLW]
³%LJ'DWD$QDO\WLFVDQGWKH3DWKIURP,QVLJKWVWR9DOXH´0,76ORDQ
0DQDJHPHQW5HYLHZ9RO1R:LQWHU
>@+ /L % 4LDQ ' 3DULNK DQG $ +DPSDSXU $ODUP 3UHGLFWLRQ LQ
/DUJH6FDOH 6HQVRU 1HWZRUNV  $ &DVH 6WXG\ LQ 5DLOURDG ,Q
3URFHHGLQJV RI WKH  ,((( ,QWHUQDWLRQDO &RQIHUHQFH RQ %LJ 'DWD
%LJ'DWDSS2FWREHU6DQWD&ODUD&$86$
>@/ /L 6 %DJKHUL + *RRWH $ +DVDQ DQG * +D]DUG 5LVN
$GMXVWPHQWRI3DWLHQW([SHQGLWXUHV$%LJ'DWD$QDO\WLFV$SSURDFK
,Q3URFHHGLQJVRIWKH,(((,QWHUQDWLRQDO&RQIHUHQFHRQ%LJ'DWD
%LJ'DWDSS2FWREHU6DQWD&ODUD&$86$
>@' /RVKLQ %XVLQHVV 3UREOHPV 6XLWHG WR %LJ 'DWD $QDO\WLFV 'DWD
,QIRUPHG2FWREHUKWWSGDWDLQIRUPHGFRPEXVLQHVVSUREOHPV
VXLWHGWRELJGDWDDQDO\WLFVVWKDVKS4M76'GSXI
>@$ 0F$IHH DQG ( %U\QMROIVVRQ %LJ 'DWD 7KH 0DQDJHPHQW
5HYROXWLRQ+DUYDUG%XVLQHVV5HYLHZ+%52FWREHUSS

>@7% 0XUGRFK DQG $6 'HWVN\ 7KH ,QHYLWDEOH $SSOLFDWLRQ RI %LJ
'DWD WR +HDOWK &DUH 7KH -RXUQDO RI WKH $PHULFDQ 0HGLFDO
$VVRFLDWLRQ -$0$  9RO  1R  SS  '2,
MDPD
>@5 1DPELDU $ 6HWKL 5 %KDUGZDM DQG 5 9DUJKHHVH $ /RRN DW
&KDOOHQJHVDQG2SSRUWXQLWLHVRI%LJ'DWD$QDO\WLFVLQ+HDOWKFDUH,Q
3URFHHGLQJV RI WKH  ,((( ,QWHUQDWLRQDO &RQIHUHQFH RQ %LJ 'DWD
%LJ'DWDSS2FWREHU6DQWD&ODUD&$86$
>@09 5LMPHQDP 7KH )XWXUH RI %LJ 'DWD 3UHVFULSWLYH $QDO\WLFV
&KDQJHV WKH *DPH 'DWD ,QIRUPHG -XQH  KWWSGDWD
LQIRUPHGFRPIXWXUHELJGDWDSUHVFULSWLYHDQDO\WLFVFKDQJHV
JDPHVWKDVK5\W=DGSXI
>@. 3DQWHOLV DQG / $LMD 8QGHUVWDQGLQJ WKH YDOXH RI ELJ GDWD ,Q
3URFHHGLQJV RI WKH  ,((( ,QWHUQDWLRQDO &RQIHUHQFH RQ %LJ 'DWD
%LJ'DWDSS2FWREHU6DQWD&ODUD&$86$
>@- 5XELQ 6XUYH\ 'HPRQVWUDWHV 7KH %HQHILWV 2I %LJ 'DWD )RUEHV
,QVLJKWV 1RYHPEHU 
KWWSZZZIRUEHVFRPVLWHVIRUEHVLQVLJKWVVXUYH\
GHPRQVWUDWHVWKHEHQHILWVRIELJGDWD
>@' 3HQQDFFKLROL 0 &RVFLD 6 5LQ]LYLOOR ' 3HGUHVFKL DQG )
*LDQQRWWL([SODLQLQJWKH3URGXFW5DQJH(IIHFWLQ3XUFKDVH'DWD,Q
3URFHHGLQJV RI WKH  ,((( ,QWHUQDWLRQDO &RQIHUHQFH RQ %LJ 'DWD
%LJ'DWD  SS  2FWREHU   6DQWD &ODUD &$
86$
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>@(/ 3RUUHV 7KH %LJ 3RWHQWLDO RI %LJ 'DWD $ )LHOG *XLGH IRU
&026 )RUEHV ,QVLJKWV SS  
ZZZIRUEHVFRPIRUEHVLQVLJKWV
>@0( 3RUWHU DQG 9( 0LOODU ³+RZ ,QIRUPDWLRQ *LYHV <RX
&RPSHWLWLYH$GYDQWDJH´+DUYDUG%XVLQHVV5HYLHZ-XO\$XJXVW
SS
>@1 5DKPDQ ' 5XW] 6 $NKWHU DQG ) $OGKDEDQ (PHUJLQJ
7HFKQRORJLHV LQ %XVLQHVV ,QWHOOLJHQFH DQG $GYDQFHG $QDO\WLFV
8/$% -RXUQDO RI 6FLHQFH DQG (QJLQHHULQJ -6( 9RO  1R 
1RYHPEHUSS
>@$ 5DMSXURKLW %LJ 'DWD IRU %XVLQHVV 0DQDJHUV  %ULGJLQJ WKH JDS
EHWZHHQ 3RWHQWLDO DQG 9DOXH ,Q 3URFHHGLQJV RI WKH  ,(((
,QWHUQDWLRQDO &RQIHUHQFH RQ %LJ 'DWD %LJ'DWD  SS 
2FWREHU6DQWD&ODUD&$86$
>@0 5LFNQlV %LJ GDWD QRW MXVW DERXW WKH DQDO\WLFV 5HWULHYHG RQ

KWWSZZZFRPSXWHUZRUOGFRPVDUWLFOH%LJBGDWDBQRWBMXVWBD
ERXWBWKHBDQDO\WLFVBVD\VB$PD]RQB&72
>@35XVVRP0DQDJLQJ%LJ'DWD7':,%HVW3UDFWLFHV5HSRUW7':,
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